The aim of the study was to evaluate the effect of tylosin, tilmicosin and roxithromycin on viability, nitro blue tetrazolium reduction (NBT) assay, chemotaxis, apoptosis and oxidative stress in bovine leukocytes in vitro conditions. The material for the study consisted of blood collected into EDTA tubes from the external jugular vein of Holstein-Friesian cattle aged 1 week to 2.5 years, during routine veterinary examinations. In leukocytes the percent of viability, nitrate ion concentration (NO), metabolic activity (NBT, nitrotetrazolium blue reduction assay), chemotactic activity and apoptosis were determined. The results indicated a slight negative effect of these macrolides on the viability of the leukocytes, and confirmed the ability of macrolides to induce apoptosis in leukocytes in vitro. These results indicate that all of the macrolides investigated exhibit a modulatory effect on the functions of leukocytes isolated from cattle of different ages. The strongest inhibitory effect on the NBT reduction assay and chemotaxis of the leukocytes was exhibited by roxithromycin, which at the same time had the least negative effect on the leukocytes.
Introduction
Macrolides are bacteriostatic antibiotics which inhibit protein synthesis in the bacterial cell by binding to the 50s ribosomal subunit. At high concentrations they exhibit bactericidal effects on Gram-positive bacteria, mainly of the genus Streptococcus spp., Due to their wide range of activity, macrolides have found application in the treatment of many illnesses in humans and animals, including acute and chronic inflammatory states in the respiratory system, such as atypical pneumonia and pertussis, infections of the digestive tract induced by Campylobacter jejuni/coli, genitourinary infections, and streptococcal infections, as well as in eradication of Helicobacter pylori (DAVIS, 2001; HEALY, 2007) . Moreover, macrolides attain a 10-fold higher concentration in lung tissue than in blood plasma, which is exploited in the treatment of respiratory diseases (CHIN et al., 1998 and LOPEZ-BOADO and RUBIN, 2008) . In cattle, macrolides -mainly tylosin, tilmicosin and roxithromycin -have found application in the treatment of respiratory infections induced by Mannheimia haemolytica, Pasteurella spp., Klebsiella spp., H. somni and Mycoplasma. In the United States and Canada these antibiotics have been used in metaphylaxis for bovine respiratory disease complex (BRDC) (BOOKER et al., 2007) .
In view of the widespread use of macrolides in treatment and metaphylaxis for bovine respiratory syndrome, and the variations in their effect on defence mechanisms, depending on the age of the animals, the aim of the study was to evaluate the effect of tylosin, tilmicosin and roxithromycin on viability, apoptosis and oxidative stress in bovine leukocytes in in vitro conditions.
Material and methods
The material for the study consisted of blood collected into EDTA tubes from the external jugular vein of Holstein-Friesian cattle, total n = 60, aged 1 week to 2 years, during routine veterinary examinations (each group n = 15: group 1 -calf <1month, group 2->1month and <5months, group 3 -calves between 6 and 9 months, group 4 ->12 months). It should be noted that no examined animal showed any clinical signs of disease.
Cell isolation. Leukocytes were isolated from the whole blood by density gradient separation using Histopaque 1083, according to the method described by HALLIDAY et , was suspended in RPMI 1640 medium with 7% FBS, penicillin G (100 U/mL) and streptomycin (100 μg/mL).
Preparation of cell cultures. The cells were cultured in 24-well plates (NUNC, Ge) in RPMI 1640 medium with 7% FBS, according to the method described by URBAN-CHMIEL et al. (2009). A cell suspension at a concentration of 2.5×10 6 /mL was added in the amount of 500 μL to each well containing 500 μL RPMI 1640. Then solutions of tylosin (80 µg/mL), tilmicosin (5 µg/mL) and roxithromycin (10 µg/mL) were added in the amount of 100 μL to each well. The control consisted of a leukocyte culture in RPMI 1640 medium. The plate was incubated for 24 h at 37 o C in an atmosphere with 5% CO 2 (KADOTA et al., 2005; LEE et al., 2004) . The concentrations of antibiotics were adapted to the therapeutic doses of each.
Leukocytes viability. The viability of the cells was evaluated immediately after isolation and following 24-hour incubation in RPMI 1640 with the antibiotics tested. The viability percentage was determined by the trypan blue test (Sigma, Ge) according to the method described by SIKORA (1996) , and by flow cytometry of cells stained with propidium iodide in a flow cytometer (Epics XL Beckman-Coulter, Comesa CH-Werfen Company, USA) at 488 nm (1999) .
Nitro blue tetrazolium reduction (NBT) assay. The metabolic activity of the cells was determined by nitro blue tetrazolium reduction (NBT) assay according to the method described by PICK (1986) . A suspension of a 24-hour leukocyte culture was dispensed in the amount of 100 μL into each well of a 96-well plate and incubated for 10 min. at 37 o C. Then 100 μL of NBT solution (1 mg/mL) suspended in HBSS and 100 μL of iodoacetamide were added. An absorbance was read with a microplate reader (BioRad, model 680, PL) at 550 nm following 90-min incubation at 37 o C in an atmosphere with 5% CO 2 .
Determination of the concentration of NO free radicals. The NO production ions was determined in terms of nitrite ion as nitric oxide produced would be rapidly converted to nitrite ion (CHUI et al., 2004) . The concentration of nitrate ions was determined using Griess reagent (Sigma, Ge). The Content of nitrate ions released from the cells following incubation with the antibiotics was determined in a Griess reaction, according to the method described by MISKO et al. (1993) . Fifty μL of cell suspension and 50 μL of Griess reagent (Sigma) were dispensed into each well of a 96-well microplate. The plates were incubated for 15 min. at 37 o C. Absorbance was read in a microplate reader (BioRad, model 680, PL) at 540 nm. A standard curve was prepared, based on a series of dilutions (NaNO 2 , Sigma). The result was expressed in mM/L.
Leukocyte apoptosis evaluation. Apoptotic cells were identified using a FITC Annexin V Apoptosis Detection Kit I (BD Pharmingen™) according to the procedure recommended by the manufacturer. Annexin and propidium iodide, in the amount of 5 R. Urban-Chmiel et al.: Macrolides effect on leukocytes μl each, were added to a 24-hour cell culture suspended in 10 x Annexin V Binding Buffer. The samples were incubated at room temperature without access to light for 15 min. Cytometric analysis was performed at 488 nm after adding 400 μL 10 x Annexin V Binding Buffer to each sample.
Chemotactic activity determination. The chemotactic activity of the neutrophils was determined using a 48-well Boyden chamber (R&D Systems, USA), with a nitrocellulose membrane 3 μm in diameter. A homologous serum activated with zymosan from S. cerevisiae was used as the chemotactic factor (Sigma, Ge). The number of migrating cells was determined in an optical microscope (Olympus, JP) at 40× magnification. The chemotactic activity (%) when exposed to each of the antibiotics was determined according to the formula given by (ALVES et al., 1996) :
Statistical analysis. Statistical analysis was carried out with Statistica 10.0 (Statsoft, USA) and ANOVA (Kruskal-Wallis test) as nonparametric descriptive statistics (median, range) for dependent variables, the homogeneity of variance analysis was found using Levenea's test at a significance level of P≤0.05. Correlation of the results was analysed using Pearson's coefficient.
Results
The study found that macrolides had a differential effect on the percentage of viability of the bovine leukocytes (Table 1 ). All the antibiotics tested reduced the viability of leukocytes obtained from calves up to 1 month. In the case of the leukocytes obtained from calves <1 month old the percentage of viability was on a similar level, at between 96.5% and 98%. Each tested antibiotic reduced the leukocyte viability for each group of calves when compared to the control. The lowest viability was noted in leukocytes incubated with tylosin, however this result was not statistically significant. In the culture of leukocytes isolated from calves aged <1 month and >12 months old, viability following incubation with the antibiotics was reduced to 85.4-88.1%. The lowest viability was observed in leukocytes incubated with roxithromycin.
The viability of leukocytes isolated from cattle aged from 6 to 9 months, and incubated with macrolides, was reduced to values ranging from 92.3% to 93.8%. The most severe negative affect was observed following incubation with tilmicosin. However the viability (92.3%) was not statistically significant with respect to the control. The viability percentage of the leukocytes obtained from cattle aged over one year was similar to the control or slightly decreased (Table 1) . Analysis of the viability of particular leukocyte fractions revealed substantial variations in the percentage of live cells among lymphocytes, monocytes and neutrophils. Lymphocytes were found to be most resistant to the effects of macrolides, with viability of 91.9-99.2% in all examined groups of calves. The lowest viability was observed in the lymphocytes isolated from calves aged over 1 month and up to 5 months old, incubated with tilmicosin, while the highest viability was noted for the cells isolated from calves < 1 month and incubated with the same antibiotic. The values obtained were not statistically significant with respect to the control (Table 2 ). In the case of monocytes, the greatest decrease in viability (to 42.7%) was observed in the cells obtained from cattle aged from >1-5 months of age and incubated with tylosin, while the highest viability (91%) was noted in monocytes obtained from the youngest calves and incubated with roxithromycin and tilmicosin. The values obtained were not statistically significant with respect to the control (Table 2 ). In the case of the neutrophils, the highest viability was observed in the cells obtained from calves up to 1 month of age and treated with roxithromycin -86.4%, while the lowest viability was noted in the cells obtained from the oldest animals and incubated with tylosin. The average values for live neutrophils in all the examined groups of calves were ≥70%, and they were not statistically significantly different with respect to the control ( Table 2) .
The average absorbance in the NBT test for leukocytes isolated from cattle of different ages ranged from 0.14 to 0.17. The greatest decrease in absorbance was observed in the case of leukocytes from calves aged more than 1 month and up to 5 months, incubated with tilmicosin (0.139) and roxithromycin (0.14). However the results obtained were not statistically significant (Fig. 1) .
Significant correlations were found between the metabolic activity of the leukocytes and the antibiotic applied. The correlation coefficients for NBT assay were higher than r = 0.5. The strongest correlation was observed between the leukocytes incubated with roxithromycin and tilmicosin (r = 0.99) in the group of calves older than 1 month and up to 5 months old, and cells incubated with tylosin and tilmicosin in the calves aged up to one month (Table 3) . Analysis of the content of NO ions did not reveal significant changes in the ion concentration in cells incubated with antibiotics. The values obtained for leukocytes in all experimental groups of calves were at a similar level and ranged from 2.14 mM/l in the control group (calves aged >1-5months) to 3.3 mM/l for the leukocytes isolated from the oldest group of animals, treated with roxithromycin (Fig. 2) . The concentration of NO in the youngest group of animals ranged from 2.6 mM/l for leukocytes treated by tylosin to 2.9 mM/l for leukocytes treated by tilmicosin. The greatest decrease in NO was observed in the leukocytes incubated with tylosin isolated from calves aged >1-5months and those 6-9 months old (Fig. 2) . Substantial correlations were observed between NO concentration in the cells and the antibiotic applied. The correlation coefficients were at a level of r≥0.5, with the strongest correlation observed in the case of leukocytes incubated with tilmicosin (r = 0.9).
The experiment showed that the macrolides tested had a significant effect on induction of apoptosis in the bovine leukocytes. The lowest percentage of apoptotic cells (2.1%) was observed in the cells isolated from the youngest calves after incubation with roxithromycin. This value was significant (P≤0.05) in comparison to the control and the other groups of calves. The greatest number of apoptotic cells was observed following incubation with tilmicosin, and the values obtained were statistically significant different (P≤0.05) in comparison to the control, in calves aged up to 1month, >1-5 and >12months old (Fig. 3) . The analysis of variances showed significant differences (P≤0.05) in the obtained results between the leukocytes obtained from different age groups of calves after roxithromycin treatment (Fig. 3) .
Analysis of the effect of the antibiotics tested on the chemotaxis of the leukocytes revealed a reduction in chemotactic activity, irrespective of the age of the cattle. The average chemotactic activity for the leukocytes incubated with antibiotics ranged from 49% to 76.3%. The highest, significant (P≤0.05) decrease in migration was observed in the case of cells isolated from calves aged >1-5 months old and incubated with tylosin. The smallest difference in chemotaxis, in comparison with the control, was observed in the case of leukocytes isolated from young cattle aged 6-9 months old and incubated with tylosin or tilmicosin (Fig. 4) .
Analysis of the correlation coefficients between the chemotactic activity of the leukocytes and the type of antibiotic applied showed significant relationships in all of the groups (Table 4 ). The strongest correlation r = 0.99 was observed for the leukocytes isolated from calves up to 5 months old and incubated with tylosin, while the weakest correlation (r = 0.06) was noted in the leukocytes isolated from calves older than 1 year and incubated with tilmicosin and tylosin (Table 4) . 
Discussion
The study demonstrated the varied effects of tylosin, tilmicosin and roxithromycin on viability, apoptosis, oxidative stress, intracellular metabolism and chemotactic activity of leukocytes isolated from cattle of different ages. The results obtained also indicated the slight, negative effect of these macrolides on the viability of the leukocytes. The results confirmed the ability of macrolides to induce apoptosis in leukocytes in vitro. In comparison with the control, the percentage increase in the average number of apoptotic cells in the presence of the antibiotics was about 5%. The experiment also showed that among the macrolides investigated, tilmicosin exhibited the strongest apoptosis-inducing effect. The most resistant cells were the leukocytes obtained from the youngest calves, i.e. those up to 30 days old, while the highest susceptibility was noted in cells obtained from cattle up to 5 months of age. This is confirmed by other research (VAN OOSTVELDT et CHIN et al., 2000; KOCH et al., 2000) on human leukocytes treated with macrolide antibiotics. Similar observations have been reported for tilmicosin, which also promotes neutrophil apoptosis (LEE et al., 2004) .
The inhibitory effect of macrolides on the level of oxidative stress in bovine leukocytes may also be seen in the results of the NBT test, which indirectly indicated a reduction in intracellular oxidative stress, expressed as a decrease in the production and release of free radicals. The results also confirm the significant effect of the antibiotics on the metabolism of bovine leukocytes. The strongest inhibitory effect was noted in the case of incubation with roxithromycin and tilmicosion, which has also been confirmed in studies on leukocytes isolated from humans and rodents (KOCH et al., 2000; KOHRI et al., 2000) . Other authors (WALES and WOODHEAD, 1999; ESFANDIARI et al., 2003; CZECZOT et al., 2005; HALLIDAY et al., 2005) report that macrolide antibiotics exhibit activity inhibiting oxidative bursts in immune cells, which is included among their antiinflammatory properties.
Analysis of the intensity of oxidative stress, and the changes in the intracellular metabolism of the leukocytes treated with macrolides, indicates that roxithromycin has the least harmful effect. This antibiotic was also found to have the strongest inhibitory effect on the chemotaxis of the leukocytes, in comparison with tylosin and tilmicosin, which is highly beneficial in reducing the inflammatory process in the first phase of a disease (LEE et al., 2004) . This is a desirable effect for reducing clinical symptoms associated with the respiratory system, i.e. dyspnoea, cough, and accumulation of exudate in the pulmonary alveoli, which eliminates the development of the disease. This antibiotic, belonging to the latest generation of chemotherapeutic agents, could be used in both the treatment and metaphylaxis of disease complexes in farm animals, as well as tilmicosin or tylosin (NOYES et al., 2015) .
The results obtained show that the macrolides had a slight influence on production of nitrate ions, which is indicated by the substantial decrease in their concentration in the leukocyte cultures with the selected antibiotics. Similar results were reported by other researchers (CAO et al., 2006) , who obtained a reduction in the production and release of NO ions by murine leukocytes following incubation with tilmicosin or tylosin. Another study (IANARO et al., 2000) also demonstrated a reduction in the synthesis of nitrogen oxides by murine macrophages incubated with roxithromycin.
The inhibition of the production and release of NO ions and the metabolic activity of immune cells, confirmed by the NBT test, substantiates the expediency of using this group of antibiotics to treat respiratory disease, particularly in the early stage of the disease process.
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Conclusion
To sum up, the results obtained indicate that all of the macrolide antibiotics investigated exhibit a modulatory effect on the functions of leukocytes isolated from cattle of different ages. The strongest inhibitory effect on the metabolic activity and chemotaxis of the leukocytes was exhibited by roxithromycin, which at the same time had the least harmful effect on the leukocytes.
